FTIR spectroscopy is a promising method for quantification of edible oils. Three edible oils, namely, red fruit oil (RFO), corn oil (CO), and soybean oil (SO), in ternary mixture system were quantitatively analyzed using FTIR spectroscopy in combination with partial least square (PLS). FTIR spectra of edible oils in ternary mixture were subjected to several treatments including normal spectra and their derivative. Using PLS calibration, the first derivative FTIR spectra can be exploited for determination of RFO; meanwhile, the second derivative spectra were preferred for determination of CO and SO. The 2 values obtained for the relationship between actual and FTIR predicted values of RFO, CO, and SO were 0.9863, 0.9276, and 0.9693, respectively. The root mean square error of calibration (RMSEC) values obtained were 1.59, 1.72, and 1.60% (v/v) for RFO, CO, and SO, respectively. The result showed that FTIR spectroscopy offers accurate and reliable technique for quantitative analysis of RFO, CO, and SO simultaneously in ternary mixture systems. Besides, the developed method can be extended for analysis of CO and SO as adulterants in RFO.
Introduction
In the fats and oils industry, red fruit oil (RFO) has become an emerging functional oil, especially in Indonesia. RFO is obtained from the extraction of red fruit (Pandanus conoideus Lam.). The extract of red fruit has been reported to possess antioxidant activities [1] . For local community in Papua province of Indonesia as well as Papua New Guinea, RFO is believed to be preventive agents of several degenerative diseases such as cancer, atherosclerosis, and coronary heart disease.
Compared with common vegetable oils available in the market, such as corn and soybean oils, RFO is more expensive by 10-15 times. Consequently, RFO can be easily faked with other cheaper oils like corn oil (CO) and soybean oil (SO) in order to get the maximum profits. Even though RFO's adulteration does not cause health problems, the primary consumer rights are violated by the fraudulent practices [2, 3] . The practice of adulteration can involve the dilution of RFOs with one or more oils. Therefore, the detection and quantification of oil adulterants such as CO and SO in RFO are highly demanded.
Edible fats and oils are usually analyzed by determining certain components of fats and oils such as fatty acids using gas liquid chromatography and triglyceride composition using reversed phase HPLC, rather than analysis of fats and oils as a whole matter. As one of the vibrational spectroscopy methods, Fourier transform infrared (FTIR) spectroscopy can be developed for analysis of fats and oils as a whole matter in order to overcome this problem [4] . FTIR spectroscopy has been accepted and widely used in food research. This technique has emerged as a powerful analytical tool in qualitative and quantitative analysis of specific components present in food, especially in combination with certain chemometrics package [5] .
FTIR spectroscopy is fast, sensitive, and nondestructive, with minimum sample preparation [6] . Combined with multivariate calibrations, FTIR spectroscopy can provide 2 International Journal of Spectroscopy a powerful technique to detect oil adulterants in high priced oils including RFO. Currently, FTIR spectroscopy coupled with user friendly sampling technique of attenuated total reflectance (ATR) has been an emerging technique for analysis of edible fats and oils due to its capability as "fingerprint technique, " either for qualitative or for quantitative analysis [7, 8] . Analysis of fats and oils using FTIR spectroscopy can also be considered as "green analytical chemistry" because this technique reduces chemical reagents which are hazardous to human health and environment [9] .
From the several multivariate calibration techniques, partial least square (PLS) has a large number of applications for quantitative analysis in the complex mixtures. PLS allows sophisticated statistical approach to use the full spectral regions rather than using a specific region. Besides, PLS needs a calibration step where the relation between the spectra and the analyte concentrations is deduced from a set of reference samples [10] . With PLS, it is possible to make a calibration for the desired component while completely modeling the other source of variations [11] .
FTIR spectroscopy in combination with multivariate calibrations has been reported for quantitative analysis of certain oils for authentication study such as canola, walnut, sunflower, peanut, and sesame oils in olive oil [12] , hazelnut oil in extra virgin olive oil (EVOO) [13] , palm oil in sesame oil [14] , lard in cod-liver oil [15] , palm kernel oil in virgin coconut oil [16] , and canola oil and rice bran oil in red fruit oil [17] . In this study, we developed FTIR spectroscopy in combination with PLS calibration for simultaneous analysis of RFO mixed with soybean oil (SO) and corn oil (CO) in ternary mixture system.
Materials and Methods
Red fruit was taken from Papua, Indonesia. Botanical identification of red fruit was performed by the Department of Pharmaceutical Biology, Faculty of Pharmacy, Gadjah Mada University, Jogjakarta, Indonesia. Corn oil (CO) and soybean oil (SO) were purchased from the local market in Jogjakarta, Indonesia.
Calibration and Validation.
For calibration model, 44 samples composed of RFO, CO, and SO in ternary mixture system with certain concentrations were prepared. For validation set, 26 independent samples which were different from calibration samples containing RFO, CO, and SO in the concentration range of 0-100.0% were also prepared. Each sample either in calibration or validation sets was subjected for FTIR analysis.
FTIR Spectra Measurements.
A FTIR spectrophotometer of ABB3000 fitted with a preserved and desiccated interferometer was used for FTIR spectra acquisition. The detector and beam splitter used are deuterated triglycine sulphate (DTGS) and potassium bromide (KBr), respectively. The sampling compartment was horizontal attenuated total reflectance (HATR). Approximately 1.0 mL of oil was subjected to HATR composed of zinc selenide (ZnSe) crystal.
All spectral measurements were acquired over midinfrared region (4000-650 cm −1 ) using 32 scanning at resolution of 8 cm −1 . For quantitative analysis, single-beam ATR spectra were collected from each sample and read as absorbance units. As a background, an air spectrum was used. Spectra were collected in duplicate and averaged before being used for model optimization.
Statistical Analysis.
Multivariate calibration of partial least square (PLS) was performed using the software Horizon MB (Canada), employing the original spectra and first and second derivative-transformed spectra. The values of coefficient of determination (
2 ) and root mean square error of calibration (RMSEC) were used as performance criteria for calibration model. Consider the following:
RMSEC refers to the uncertainty of calibration for the selected ternary system; a small value of RMSEC indicates that the calibration has less error. Furthermore, the predictive ability of the model was assessed using 2 values and root mean square error of prediction (RMSEP) which indicates how well the developed model will perform the quantitative analysis of new samples; the lower the RMSEP value, the better the prediction power of developed calibration model
The term "actual" refers to the known or true concentration of selected oils in the ternary mixtures; meanwhile, the term "calculated" refers to a value computed by the model using spectral data; and are the number of samples used in the calibration and validation sets, respectively; is the number of factors used in the calibration model [18] .
Fatty Acids Analysis.
Fatty acid composition of studied vegetable oils (red fruit oil, corn oil, and soybean oil) was determined using gas liquid chromatography with flame ionization detection (GC-FID) as derivative of fatty acid methyl ester (FAME), according to previously reported studies by Gurdeniz and Ozen [19] . Quantification of each fatty acid was based on internal normalization area.
Results and Discussion

Spectral Analysis.
Triglycerides are the main components of edible fats and oils; as a consequence, FTIR spectra of triglycerides dominate in FTIR spectra of fats and oils [20] . The overlay of FTIR spectra of red fruit oil (RFO), corn oil (CO), and soybean oil (SO) at midinfrared region (4000-650 cm −1 ) is presented in Figure 1 . Each peak corresponds to functional groups responsible for infrared absorption; meanwhile, the intensities of each peak were correlated with the concentration of functional groups present in analytes (RFO-CO-SO). The FTIR spectra of evaluated vegetable oils in Figure 1 look very similar; however, they reveal slight differences in their spectra which can be observed in region around 1700-1780 cm −1 and at fingerprint region (1500-650 cm −1 ). This is not surprising because FTIR spectra are taken into account as fingerprint technique meaning that two different oils shall have different FTIR spectra. There is no band at 1712 cm −1 for CO and SO, while RFO has peak at 1712 cm
due to C=O stretching vibration. Furthermore, at frequency region of 910-960 cm −1 , these oils also revealed different peak intensities due to the difference of fatty acids composition. Fatty acid composition of RFO, CO, and SO was compiled in Table 1 . Analysis of fatty acids revealed that the main component of RFO is oleic acid; meanwhile, CO and SO contain linoleic acid as their main component.
Selection of Spectra Regions for Quantitative Analysis.
The quantitative analysis of RFO, CO, and SO in ternary mixtures was carried out using multivariate calibration of PLS algorithm. In PLS model, evaluation of the method linearity was performed in order to show the proportional relationship between responses (absorbances) versus analyte concentrations of RFO, CO, and SO. The samples of edible oils were independently separated into calibration and validation data sets in order to get similar standard deviation and average values, so that both data sets spanned the working range of the studied edible oils [11] .
The optimization process for determination of RFO, CO, and SO in ternary mixture systems was initially performed by selecting the frequency regions capable of describing most characteristics of oil components to be determined. After being selected, the spectral regions were further used for developing PLS calibration model. PLS can be applied for the analysis of the component of interest using whole FTIR spectral regions rather than specific regions [9] . For this reason, some frequency regions were evaluated in terms of their capability to provide the highest correlation between actual and FTIR predicted values using PLS calibration. Table 2 revealed values of coefficients of determination (
2 ) using optimized frequency regions. Regions that exhibit Based on the highest value of 2 , frequency region of 4000-650 cm −1 was selected for quantification of RFO, CO, and SO in ternary mixture systems using PLS calibration. The 2 values obtained for RFO, CO, and SO are 0.9793, 0.8652, and 0.9100, respectively. The full spectral region is widely used because it prevents the overfitting problem by reducing the amount of data in the spectrum without reducing and eliminating one or more useful information.
The optimization process was continued by investigating several treatments of FTIR spectra (normal and derivatives) using selected frequency previously optimized, that is, 4000-650 cm −1 . The first derivative removes the common intensity effect of FTIR spectra and can simplify the baseline selection. Meanwhile, the second derivative can eliminate the slope effect [21] . However, derivation treatments can affect the measurement sensitivity. The values of 2 and RMSEC were used for calibration criteria, as shown in Table 3 . The first derivative spectra were exploited for determination of RFO in ternary mixture with the 2 value of 0.9863 and RMSEC value of 1.59% (v/v). Furthermore, the levels of CO and SO were better determined using PLS in combination with second derivative spectra with 2 values of 0.9276 and 0.9693 and with RMSEC values of 1.72 and 1.60% (v/v), respectively. The PLS scatter plot for the relationship between actual value ( -axis) and FTIR predicted value ( -axis) of RFO measured using first derivative FTIR spectra is shown in Figure 2(a) . Furthermore, the actual value of CO and SO was 
Conclusion
We concluded that FTIR spectroscopy combined with partial least square regression with first derivative spectra at frequency region of 4000-650 cm −1 can be exploited for quantification of RFO in ternary mixture system with SO and CO; meanwhile, second derivative spectra were used for quantification of CO and SO in ternary mixture. The 
